The iron deficiency is one of the most frequent deficiency diseases which occurs in most developing countries and is also the main deficiency disease in industrial countries. Iron fortification of certain food products is one way to prevent the occurrence of iron deficiency. Iron encapsulation and adding it to the food ingredients is one approach of food ingredients fortification with iron which is performed applying various methods. In this order, the present study has focused on ferric -saccharate iron capsulation with alginate calcium coating by emulsification method. Iron capsulation through emulsification decreases the organoleptic and appearance problems in addition، produces tiny capsules which enhances the contact surface at the absorbance stage and enhances the bioavailability and absorbance power. Different conditions of iron salt concentration, calcium, alginate ،different rotations of stirrer at the stage of capsules formation and increasing the ionic strength by enhancing 0/1 M sodium salt and methanol were studied in this paper. After capsulation and studying them, seemed to give the best capsules formation in alginate 1.5% and 0/798 gr iron content (at a coating to core ratio of 70 to 30) , at the concentration of calcium salt 0/1M and the stirrer rotation of 100 rpm. The increase of the ionic strength with adding sodium and methanol resulted in phase separation, better aggregation, particles size reduction and capsules strength. Methanol showed better treatment than calcium salt.
INTRODUCTION
Adding iron directly to the food ingredients results in the iron reaction with the food materials and decreased bioavailability and development of organoleptic problems such as color, odor and taste. Furthermore, oral taking of iron as syrup or tablets can cause digestive problems and teeth darkening. One approach to reduce the organoleptic apparent problems and increasing the bioavailability is iron encapsulation (Hurrell, 1999) . *Corresponding author. E-mail: susankhosroyar@yahoo. com. Tel: +989153863608.
The right selection of core, coating and method can provide the capsulation goals and decrease the cost and time as well (Swientek, 1992) .
Selection of chelation agent of ferric saccharate with high absorbance power in alginate coated with high nutritional value as a hydrocolloid which forms a gel at the room temperature and neutral PH not only can decrease the organoleptic problems but increase the iron bioavailability as well (Swientek, 1992; www.pharmc.ir, 2010; Catarina et al., 2006; Jalzl and Nixon, 1989; Joseph et al., 2002; Annan et al., 2007) .
The smaller the particles size in capsulation, the more is releasing time than the dosage. Alginate bio-adhesive as well as polycation ability to enhance the Para cellular absorption through the intestinal membrane are favored by a more intimate contact between intestinal mucosa and smaller-sized microspheres ، the contact surface can be improved and consequently increase the iron absorption with the more contact surface of intestinal membrane and microcapsules (Catarina et al., 2006; Joseph et al., 2002; Hurrell et al., 2004; Raquel et al., 2003 Raquel et al., , 2004 Hurrell, 1992; Jalzl and Nixon, 1989) .
Ferric saccharate iron with high absorbance power and little organoleptic problems has been selected as core and alginate as coating of capsule.
Alginate is alginic acid salt which is a polymer of D-B manoric acid (M) and L-α guluronic acid (G). (Sime, 1990 ) that in the presence of divalent cations such as calcium, alginate forms a gel due to the stacking of guluronic acid (G) blocks with the formation of "egg-box" calcium-linked junctions.
By dropping the alginate solution through a needle into a CaCl 2 solution ،the ionic exchange took place and cross -links of alginate increased which resulted in coagulation of alginate and alginate capsule formation (Catarina et al., 2006; Annan et al., 2007; Devos et al., 1997; Lee et al., 1997) .
Application of an emulsification /external gelation method with adding an emulsion of alginate solution in a hydrophobic phase to a CaCl 2 solution could lead to the particle diameter reduction.
Diameter distribution of microspheres obtained by emulsification gelation depends on the size of emulsion droplets that are determined with a balance between the dispersive and the surface tension forces (Catarina et al., 2006) .
MATERIALS AND METHODS
Sodium alginate with medium viscosity (Cas. no, was prepared from the sigma Aldrich, Germany and calcium chloride (CaCl2) (Cas. no, 2380) was bought from merck, Germany.
Ferric -saccharate iron with average molecular mass 45200Da (cas.no.8047-67-4) was prepared from a Shanghai Boyle chemical company, China and tween 80 from the Fluka Biochemical, Germany and vegetable oil from Varamin Co., Iran. The other chemicals used in this experiment were of analytical reagent grade.
Preparation of micro capsules
Microspheres were prepared by emulsification .In a solution of 1/5 gr of sodium alginate in l00 ml of water, 0/798 gr ferric saccharate (at a coating to core ratio of 70 to30) was dissolved .The mixture of sodium alginate /ferric saccharate was added drop wise in to 500 cc oil solution (at a water to oil ratio of 1:5 to) which contains 2/5 gr tween 80 (0/5:100 tween: oil), was put at 900 rpm of stirrer for 20 min.
After the solution of alginate -iron was added drop wise to the oil phase and was put at 900 rpm for 30 min, calcium chloride salt was slowly added to the solution of oil -alginate -iron, followed by 20 min, the stirrer was turned off and was put at the rest condition for 30 min in order to occur phase separation of oil-water and capsules.
Then the oil and water phase was discarded and capsules were washed three times with distilled water which was distilled twice at centrifuge (Hettich universal, Hettich Co., Germany) at 3000 rpm for 15 min, afterwards the capsules were collected, washed and dried.
Morphological characterization, size and surface charge
The morphological characteristics of micro particles were examined by scanning electron micros copy (JSM-5900Lv, JEol, Japan).
Micro particles were sputtered with gold and maintained at room temperature for complete dryness before the observation.
The particle size distribution was detected by laser diffraction (Nano-ZS90, Malvern Instrument, UK; BT-2002 laser particle size Analyzer, Dandong Better size Instruments LTD, China).
The zeta analyzer (Nano-ZS90, Malvern Instrument; UK) with ultrapure water as solvent (PH=7, 25°C).
Encapsulation efficiency
The loading efficiency (LE) value was calculated according to the following equations:
When capsules were being washed at centrifuge ،every times the existing water on the capsules was threw away and was replaced with new water, by measuring the iron exists in washing water on the capsules using spectrophotometer, the free iron can be calculated.
RESULTS AND DISCUSSION

Effect of the stirring speed
Stirring speed on the morphology, particle size distribution, efficiency was investigated. Figure 1 demonstrates the effect of stirring speed on the morphology of microcapsuls at lower stirring speed, lots of emulsion droplets floated upward and accumulated into micro capsules with bigger size and higher oil content ( Figure  1a) .
When the stirring speed was increased, the morphology of micro capsules became irregular due to the violent stirring (Figure 1b) .
Other researchers also proved that when the stirring speed was very high, the morphology of the micro capsules was irregular (Newton et al., 1997; Xing et al., 2004; Dong et al., 2007) . Figure 2a illustrates the particle size distribution curve and Figure 2b volume mean diameter of micro capsules formed at different mixer rotational speeds. With the decrease of stirring speed, the mean particles size of the micro capsules increased and the particles size distribution became wider. Nihant et al. (1995) has also proved that, with decreasing the stirring speed, the mean particles size of micro capsules increased, but when the stirring speed was below 100 rpm, micro capsules could not be formed. Since the effect of the stirring speed on the particles size of micro capsules was also very significant, the spherical microcapsules with desired particles size could be made by modulating the stirring speed. The effect of stirring speed on the loading efficiency is shown in Table 1 .
LE (%) =
Effect of the core/wall ratio
Figures 3, 4 and Table 2 show the effect of core/wall ratio on the morphology and the particles size distribution of microcapsules, respectively. With increasing the core/wall ratio the morphology of microcapsules changed from spherical to irregular and the mean particles size gradually increased and the particles size distribution became wider.
Similar conclusions were also archived by other researchers (Nihant et al., 1995; Dong et al., 2007; Xingrili et al., 2008; Alavi Talab et al., 2010) .
When the core material concentration increased from 0/798 gr (1:2 core: wall) to 7/98 gr (5:1 core/wall), the mean particles size of micro capsules continued to increase and the morphology became irregular and also with regard to the result of zeta test and potential rate, it was seen that capsules were more stable in Fe 0.798 gr (core: wall 1/2:1) than Fe 7.98 gr (core: wall 5:1). As the care/wall ratio was increased, the loading efficiency of micro capsules decreased ( Figure 5 ). Similar results were achieved by the other researchers (Annan et al., 2007; Catrina Silar et al., 2006) .
Effect of the different concentration of CaCl 2
Calcium ion (CaCl 2 ) was used as cross linking agent to strengthen and stabilize the particles. The micro capsules were made at various cacl 2 values and were observed under the light microscope (Figure 6 ).
At CaCl 2 0/1 M, a smooth layer homogeneously enveloped the capsules, when stirring was stopped. Table 3 illustrates the particles size distribution of micro capsules formed at different concentration of CaCl 2 .
After performing the zeta test and studying its potential, it was seen that capsules which formed at concentration of 0/1M were more stable and as morphology and capsules size distribution indicates the best capsules were achieved at concentration of CaCl 2 0/1 M. 
Effect of the ionic strength
The increase of alcohol due to have high ionic strength and applying this power into the solution, increases the strength and reduces in small particles size.
In addition, salt with high ionic strength can help better in phase separation, but further increase of the ionic strength than necessary amount with salt make tough the solution consequently; the micro capsulation process will be disturbed or ceased. (Dong at al., 2007) Effect of the increased strength ionic on morphology and particle size distribution of the micro capsules are shown in Figures 7 and 8 . When alcohol was used as an ionic strength agent instead of NaCl 0/1 M the particles size distribution of micro capsules didn't change but a b produced more spherical capsules. Similar results were achieved by Alavi Talab et al. (2010) for studying the ionic strength between alcohol and salt.
Conclusion
One of food fortification methods with minerals and vitamins is encapsulation which has passed a quarter of a century from its product and technology development process and there have been made a lot of researches and attempts. In this technology, one of the most important factors in capsules formation, size and their yields is the proper selection of encapsulation method.
The finer the capsules, the more is releasing time than dose, therefore the method of emulsification with oil is one of the encapsulation methods by which small-size (nano) capsules can be produced.
For this purpose, many activities has devoted about fortification of vitamin A, carotene B, D, K, E and saturated fat acid also on formation of hemoglobin capsules with chitosan and alginate coating and fortifycation of several probiotics with alginate-coating applying the emulsification method (Rita et al., 2004; Lee et al., 2003; Raquel et al., 2003 Raquel et al., , 2004 Hurrell, 1989; Hurrell et al., 1991) .
In the present study، in order to produce fine iron capsules with water -insoluble coating and expanding the capsules application for fortification of hydrated and dehydrated food products, ferric saccharate as a chelating agent with high absorption power was selected as a core and calcium alginate with high food value and water-insoluble property but soluble in acidic conditions (gastrointestinal tract) as a coating applying the emulsification method.
Using the emulsification method, small -size iron capsules can be produced which resulting in the better contact and increase of absorption power .The effect of various factors in the method of emulsification were studied to balance between the forces of surface tension and dispersion to form emulsion droplets. Capsules Intensity(%)
Size (nm)
Alcohol NaCl formation in desired size is possible by adjusting the stirrer rotation. The increase of dispersion force gives a rise to small particles size of capsules but the low rotations are preferred in order to protect capsules morphology and their sphericity. The lower ratio of iron to coating, the more is the spherical morphology and the more uniform surface.
The best capsules were formed in alginate 1.5%, 0/798 gr iron and calcium chloride salt0/1 M as the stirrer rotation at the stage of capsulation was 100 rpm. (When calcium salt was injected to the oil solution of ironalginate), although in this turn particles size were the coarsest of all the rotations, but they maintained their spherical morphology with clear boundary between the core and coating then they were dried with spherical shape.
The increase of ionic strength resulting in the better coacervation, high strength and small particles size of capsules, which in this paper was investigated with alcohol and sodium salt, finally, alcohol presented the better results than sodium salt.
